Acute deep venous thrombosis is the most common disease of the vascular system. As many as 800,000 new cases occur annually. Of these, up to one third of the patients experience a pulmonary embolism, many of which are fatal.' Moreover, up to 50% of the patients eventually develop the postthrombotic syndrome. 2 The costs to society in terms of lost productivity and personal suffering are enormous.
Both invasive and noninvasive methods have been used in diagnosing deep venous thrombosis. The contrast venogram is the standard to which the various noninvasive methods have been compared.3'4 Although highly accurate in diagnosing calf vein thrombi. the contrast venogram may miss more proximal iliac vein thrombi because of dilu-tion of the dye. In addition, this invasive technique can cause unsafe side effects, for example, local irritation at the site of cannulation of the vein, thrombosis of leg veins, and allergic reactions from the contrast material.
Noninvasive methods include continuous wave Doppler ultrasonography,5 impedance plethysmography,6-8 fibrinogen labeled with 1251,8 and duplex scanning. Continuous wave Doppler and plethysmography are accurate in diagnosing proximal deep venous thrombosis but miss nonocclusive thrombi and those confined to the calf. Fibrinogen labeled with 125j is highly accurate in the calf but is insensitive for proximal deep venous thrombosis. In addition, it requires a waiting period of 24-48 hours after injection before a diagnosis can be made, and it cannot be used in pregnant or lactating women.
More recently, investigators have adapted realtime B-mode ultrasonography and duplex scanning, which combines B-mode ultrasonography with pulsed Doppler, to the diagnosis of deep venous thrombosis.9 '4 In our laboratory, we have conducted a prospective, double-blind study to compare duplex scanning with contrast venography. In particular, we have determined which of the many criteria obtainable by duplex scanning correlate best with the findings of contrast venography. We report our results with a group of 47 patients.
Methods
The patients referred for study came from three sources in the University of Washington School of Medicine system-the University Hospital (186 patients), the Veterans Hospital (six patients), and Harborview Medical Center (nine patients). The patients from the Veterans Hospital and Harborview Medical Center were brought to our attention when scheduled for venography. For the total population studied at the University Hospital, the patients were classified by nature of the findingsnormal (129 patients), positive (52 patients), and equivocal (five patients). An equivocal scan was defined as indeterminate for either normalcy or the presence of disease.
The decision for venography was made by the referring service and not by us, although we requested the study to confirm our results. A total of 153 patients did not undergo venography, leaving 47 patients who had a total of 50 venograms performed. There were 33 men and 14 women. The youngest patient was 21 years of age, and the oldest was 83 years of age, the mean age was 51 years. All patients gave informed consent for participation in the study.
One of the patients had bilateral deep venous obstruction and thus had both legs studied by venography. One patient was treated with urokinase. After treatment, another duplex study and venogram were done to estimate the degree of lysis. No lysis had occurred, and this was confirmed by the duplex and venographic studies. The second patient, a quadriplegic with pulmonary emboli, had a negative duplex scan and venogram. Because of repeated pulmonary emboli, repeat duplex scans were done, which confirmed the previous negative findings. A All veins were examined in the longitudinal section for the presence of thrombi and with the pulsed Doppler for the presence of spontaneous flow, phasicity of flow with respiration, augmentation of flow with distal compression, augmentation of flow with release of proximal compression or release of Valsalva, and reversal of flow (or reflux) with proximal compression or Valsalva. The veins were then examined in the transverse section for compressibility with probe pressure. The duplex scan was considered positive for deep venous thrombosis in a particular venous segment when thrombus was visualized, when the vein was not completely compressible, when absence of flow by Doppler was present, or when absence of phasicity of flow with respiration was present. There were two exceptions to these criteria. First, we did not consider the isolated finding of incompressibility of the inferior vena cava, common iliac, or superficial femoral vein as it enters Hunter's canal as evidence of deep venous thrombosis. In some patients, the course of these veins are too deep to be fully compressible under normal conditions. Second, absence of spontaneous flow in the posterior tibial veins at the ankle was not considered as indicative of deep venous thrombosis because certain environmental conditions may limit spontaneous flow here. Rather, in these segmnents we defined positive Doppler findings as the absence of flow after distal augmentation.
When the examination was completed, the referring service was informed of the results along with a recommendation for a confirming venogram. The referring service did not always follow our recommendations based upon the major medical problem for which the patient was being treated, the potential risks associated with the venogram, or the discomfort and problems associated with the dye load. We would recommend a follow-up duplex examination to reassess the deep veins.
Contrast venography was performed by the method of Rabinov and Paulin.4 All venograms and duplex examinations were performed within 1 week of each other, and the results of one were not known when the other was performed.
Results
The four variables we evaluated as diagnosing the presence of acute deep venous thrombosis were Tables 1 through 4 show the sensitivity, specificity, and 95% confidence limits obtained when each variable is compared with the results of contrast venography.
Visualization of thrombus had a sensitivity of 53%, a positive predictive value of 95%, and a specificity of 92% with a negative predictive value of 37%. In the 19 cases where we were unable to visualize a thrombus, no flow was detected by Doppler, and venography confirmed the presence of the thrombus. Absence of spontaneous flow by Doppler had a sensitivity of 76%, a positive predictive value of 100%, and a specificity of 100% with a negative predictive value of 57%. The lower sensitivity and negative predictive value represented cases of nonocclusive thrombi in which flow was still detectable.
Absence of phasicity of flow with respiration had the best sensitivity and specificity for the individual variables, 92% for each. The positive and negative predictive values were 95%. Incompressibility of the vein with probe pressure was poor in both areas, with a sensitivity of only 79% and specificity of 67%. The positive predictive value was 88%; the negative predictive value was 50%. Table 5 shows the sensitivities and specificities of variable combinations. In this analysis, a duplex scan was considered positive for deep venous thrombosis when any of the variables were positive, and it was considered negative only when all variables were negative. T represents visualization of throm- bus, F represents absence of spontaneous flow, P represents absence of phasicity of flow with respiration, and VC represents vein incompressibility.
The highest sensitivities were obtained with T + P, T+F+P, and T + F + P + VC. The combination of four variables, however, had a low specificity. The highest specificities were obtained with F + T and F+ P, which also had the best overall combination of sensitivity and specificity. Any combination including vein incompressibility had a low specificity. These data suggest that the Doppler variables, absence of spontaneous flow and absence of phasicity of flow with respiration, are the most reliable and accurate in diagnosing deep venous thrombosis. Many thrombi will not be visualized by duplex scanning, and vein incompressibility will overdiagnose a significant number of cases. (Negative predictive value is 50%.) Table 6 shows the locations of the false-negative cases by duplex scanning. Regardless of the variable tested, most of these were in the calf, extending into the knee and distal portion of the adductor canal. Interrogation of only the distal posterior tibial veins clearly misses a significant number of isolated calf vein thrombi. Table 7 shows the locations of the false-positive cases by duplex scanning. Eighty-three percent (five of six) of the cases were in the thigh, and 80% of those were due to overdiagnosis by the vein incompressibility variable. This variable seems unreliable in evaluating veins in this region of the lower extremity. 
Discussion
As duplex scanning has gained in precision and popularity, it has been adapted for the purpose of diagnosing deep venous thrombosis. The technique is safer than invasive techniques, and it provides a diagnosis in a more timely and efficient manner than most noninvasive techniques.
In our study, we compared duplex scanning and contrast venography in a prospective, double-blind fashion in diagnosing deep venous thrombosis. In general, we found a sensitivity and specificity for duplex scanning relative to contrast venography of 85-95%. We believe that duplex scanning can be used to diagnose deep venous thrombosis in most cases. However, we caution against the nonselective application of duplex scanning to all cases of suspected deep venous thrombosis without a confirmatory venogram. First, we believe that the use of isolated criteria (visualization of thrombus and vein incompressibility), as advocated by some groups,9'12 will lead to a significant number of false-positive and false-negative tests. Second, isolated calf vein thrombi may be missed by duplex scanning, although the clinical significance of this can be questioned.
Sullivan et a19 claim that deep venous thrombosis can be diagnosed solely on the finding of thrombus on the B-mode ultrasonogram and that acute deep venous thrombosis can be differentiated from chronic 
